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STUDENT QJTLI NE

MN NTAIN THE Mk48 BNA NE L. AND GO.D START SYSTEM

LEARN NG CBIECTI VE

1. Termnal Learning (o ective:

a. GQven an MK48, TM 2320-20/ 12A, tool s, and equi pnent, perform second
echel on nai nt enance on the engi ne fuel system per the reference (3521.13.09)

b. dven an M48, T™M 2320-20/ 12A tools, and equi pnent, performsecond
echel on nai nt enance on the engine cold start system per the reference
(3521. 13. 10)

2. Enabling Learning (hjecti ves:

a. GQven an LVS TM2320-20/ 12A tool s, and equi pnent, inspect the fuel
systemfor serviceability, per the reference (3521.13.09a)

b. dven an LVS TM2320-20/ 12A tool s, and equi pnent, service the fuel
system per the reference (3521. 13. 09b)

c. Qven an LVS TM2320-20/ 12A tool s, and equi pnent, test the
conponents of the fuel system per the reference (3521.13.09c)

d. GQven an LVS TM2320-20/12A and partial statenents pertaining to the
M48 fuel system conplete the partial statenents to describe the procedures
used to di agnose a nal functioning fuel system per the reference
(3521. 13. 09d)

e. Qven an LVS TM2320-20/ 12A tool s, and equi pnent, repair conponents
of the fuel system per the reference (3521. 13. 09¢)

f. dven an LVS TM2320-20/ 12A and partial statenents pertaining to the
M48 fuel system conplete the partial statenents to describe the procedures
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used to repl ace unservi ceabl e conponents of the fuel system per the
ref erence (3521. 13. 09f)

g. Gven an MK48, TM 2320-20/ 12A, tool s, and equi pnent, inspect the col d
start systemfor serviceability, per the reference (3521.13. 10a)

h. GQven TM2320-20/ 12A and partial statenents pertaining to the M43
engine cold start system conplete the partial statenents to describe the
procedures used to test conponents of the cold start system per the
ref erence (3521. 13. 10b)

i. QGven TM2320-20/ 12A and partial statenents pertaining to the M48
engine cold start system conplete the partial statenents to describe the
procedures used to di agnose a nal functioning cold start system per the
ref erence (3521. 13. 10c)

j. Qven TM2320-20/ 12A and partial statenents pertaining to the Md48
engine cold start system conplete the partial statenents to describe the
procedures used to repair conponents of the cold start system per the
ref erence (3521. 13. 10d)

k. Qven TM2320-20/ 12A and partial statenents pertaining to the M43
engine cold start system conplete the partial statenents to describe the
procedures used to repl ace unservi ceabl e conponents of the engine cold start
system per the reference (3521.13. 10e)

QUJTLI NE

1. | DENM H CATI QN LGCATI ON AND FUNCTT ON G- THE GOMPONENTS BVPLOYED | N THE
DETRO T 8\VO2TA BNd NE HE. SYSTEM

a. The fuel systemof the Detroit 8VO2TA di esel engi ne enpl oys two fuel
tanks, a fuel/water separator, hand primng punp, fuel supply punp, filter,
shut down sol enoid, throttle control solenoid, and ether starting aid.

(1) The MKA8 has two 75 gallon fuel tanks. (ne tank is nounted on
each fender, above the Nbo. 2 axle. The fuel level sending unit is located in
the right fuel tank. A fuel shutoff valve, which is used to close the fuel
fl ow between the two tanks, is located at the rear of each fuel tank.

(2) The fuel /water separator, which is actually the prinary filter,
is located at the rear of the right fuel tank and is a three-stage device
used to separate water fromthe fuel and filter out solid particles.

(@) Inthe first stage, liquid and solid contamnation as snal |
as 30 mcrons are separated by a swrling action created as fuel passes
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through a turbine centrifuge. Witer and large particles sink to the bottom
of the fuel bow because they are heavier than fuel. The contamnants wl |
remain there until the bow is drained.

(b) In the second stage, any water still in the systemcondenses
on the separator shell. Wen droplets form their weight causes themto fall
to the bottomof the fuel bow .

(c¢) Inthethird stage, a replaceable filter elenent traps solid
particles of dirt that still remain in the fuel.

(d) Incorporated into the fuel /water separator is a disk-type
fuel heater which is a cold weather starting aid. Aninternal autonatic
thernmostat wll turn the heater on when the fuel tenperature is bel ow 45
degrees Fahrenheit. The heater is |located just bel owthe replaceable filter
elenent. Its purpose is to nelt the wax crystals and al |l ow fuel to pass
through the filter easier. The heater can al so be operated wthout the
engi ne running by turning the engine start swtch to the "ON' position for at
| east 5 mnutes.

(3) The hand priming punp is a piston-type punp |located at the rear
of the right fuel tank and to the right of the fuel /water separator. The
hand primng punp is used to prine the fuel systemwhen air has entered into
the system

(4) The fuel supply punp, which was al so discussed in your class on
the vehicle engine, is the heart of the fuel system It is a positive
di spl acenent, gear-type punp that draws the fuel fromthe fuel tanks and
transfers the fuel to the fuel injectors.

(a) The fuel punp is attached to the governor housing at the top
of the engine, near the front.

(b) The fuel punp is driven by the right-hand bl ower rotor by
neans of a drive coupling fork. The fuel punp does not need to be tined to
the engi ne because all injection timng is acconplished through the injector
rocker arns and the injectors.

(5) The secondary fuel filter is areplaceable filter that traps
extrenely fine particles that have passed through the fuel /water separator.
The secondary filter is a spin-on type filter and is located at the rear of
the right fuel tank and to the left of the fuel /water separator.

(6) Drilled passages wthin the cylinder head route fuel to and from
the injectors. The fuel pipes provide a bridge for the fuel to flowfromthe
cylinder head nanifolds to the injectors and back again.
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(7) Inector Gontrol Tubes

(a) The two fuel injector control tube assenblies are nounted on
the left and right bank cylinder heads of the engine. Each tube assenbly
consists of a control tube, injector rack control |evers, a return spring,
and injector control tube | ever nounted in two bracket and bearing
assenbl i es.

(b) The control tubes are connected to the injector control
racks and the governor. The control tubes keep the injectors bal anced
toget her and provi de the nechani cal neans for injecting the right anount of
fuel to run the engi ne under varying | oads and speeds.

(8) This engine features a doubl e-wei ght, vari abl e-speed, nechani cal
governor. The governor is nounted on and driven by the bl ower. The gover nor
has two functions.

(a) It controls engine idl e speed.
(b) It limts the naxi rumno-|oad engi ne speed.

(9) The fuel injectors that are used in the Detroit 8VO2TA engi ne
that powers the MK48 are needl e val ve type injectors. There is, of course,
one injector for each cylinder and they are nounted in the cyl i nder heads.

(a) The injectors pressurize, neter, atomze, and inject the
fuel required for engi ne operation.

(b) The timng of injectionis controlled by a canshaft that
activates the injector push rods and rocker arns in the conventional nanner.
Movenent of the rocker arns forces the injector plungers down which forces
fuel to be injected.

(c) The anount of fuel that is injected is determned by the
opening and closing of ports in the injector body. The sane pl ungers that
are actuated by the rocker arns are also rotated by a rack gear. This
rotation varies the alignnent of the ports previously nentioned to determne
the anount of fuel delivery. Bear in mnd that all injector rack gears are
connected by way of the injector control tube assenblies; therefore, the
effects of the governor and the position of the throttle treadl e val ve affect
fuel delivery to all cylinders equally.

(10) As was previously covered in your instruction on the engine, the

throttle control cylinder is an air actuated cylinder that is attached to the
top, right front side of the engine.
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(a) The MK48 does not have a straight nechanical |inkage or a
cabl e systembetween the throttle treadl e val ve and the speed control |ever
on the governor to allowthe operator to control engine speed. A conbi nation
of air pressure and |linkage is used.

(b) Wen the driver pushes down on the throttle treadl e val ve,
air pressure, indirect relation to the novenent of the treadle valve, is
applied to the throttle cylinder. The air pressure extends a rod that is
attached to the throttle | ever which rotates the governor speed control shaft
and the engine's speed is increased to the desired rpm Wen the operator
rel eases the treadl e valve, a spring inside the throttle cylinder, assisted
by an external spring, retracts the linkage and returns the engine to idle
speed.

(11) The throttle treadle valve is used to supply air pressure to the
throttle control cylinder which regul ates the position of the throttle |ever.
The throttle treadle valve is located in the cab of the vehicle and is to the
right of the brake pedal .

(12) The shutdown solenoid is an electrically controlled unit used to
shut down or stop the engine. The shutdown solenoid is nounted at the top
front of the engine and is attached to the stop | ever on the governor.

(a) The shutdown solenoid is controlled by a swtch in the
vehi cl e cab. Wen the engine stop swtch is pushed down, the solenoid pulls
the stop lever on the governor inward. That action noves a series of rods in
the engine and shuts off fuel flowto the injectors.

(b) Inthe event that an electrical failure renders the shutdown
sol enoi d i noperative, the engine can be shut down by nmanual Iy pushi ng the rod
on the shutdown sol enoid toward the sol enoi d.

(13) The ether starting aid is a systemthat permts the injection
of ether into the engine to aid in cold weather starts. The systemconsists
of a fuel bottle, solenoid valve, swtch, atomzer, and thernostat, commonly
called a sending unit. By pressing the ether start swtch, the sol enoid
valve is energized to the open position. Bher wll then travel fromthe
fuel bottle through tubing to the atomzer |ocated in the air inlet housing.
The atom zer mixes the ether wth the incomng air. Releasing the ether
start swtch wll disengage the sol enoid val ve, closing off the fuel bottle.
The sending unit, located at the left rear of the engine, just above the
starter, prevents the systemfromoperating when the engine tenperature is 70
degrees Fahrenheit or above.

2. PRINJPLES G- CPERATION G- THE CETRA T 8VO2TA D ESH. BNA N HE. SYSTEM
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a. The fuel punp, located at the right front of the engine, receives
diesel fuel fromthe tanks, through the fuel /water separator and a one-way
check valve. The fuel punp increases the fuel pressure to approximately 60
psi. After leaving the fuel punp, the diesel fuel goes through the secondary
fuel filter. Fomthe secondary filter, it goes to each cylinder head, by
way of two separate fuel |ines.

b. Fuel is then directed into the inlet nanifold of each cylinder head.
Fuel goes through the nanifold and out to the injector inlet by way of fuel
connector pipes. Fuel then flows through the injector where a certain
anount, dependi ng upon the engine load, is netered to run the engine. The
anount of fuel is nechanically determned by way of the injector control
tubes and the limting speed governor.

c. The remaining fuel circulates through the injector to help cool it.
Fuel leaves the injector through the return fuel connector pipe and travels
to the return nanifold cast inside the cylinder head. Fuel flows out of the
cylinder heads to a restricted tee. This restricted tee naintai ns nanifol d
pressure wthin the cylinder heads. Fomthe tee, fuel flows through a
single fuel line back to the right fuel tank.

d. To performthe fuel flowtest, use the fol | ow ng procedures:

(1) Hrst, close the shut off valve on the balance line at the | eft
fuel tank.

(2) Next, the fuel return line nust be renoved fromthe return el bow
bel owthe fuel filter on the right hand fuel tank. Before you renove the
line, have a plug to insert inthe elbow Renove the fuel line and then pl ug
t he el bow

(3 Positionthe return fuel line in a calibrated fuel container.
The contai ner nust be capable of holding 2 gallons. Have an assistant start
the engine and run it at 1800 rpmfor one mnute only. After exactly one
mnute, have the assistant shut down the engi ne.

(4) Check the anount of fuel in the container. There should be 1.4
gallons of fuel delivered during that one mnute period. If the fuel flowis
bel ow thi s specification, performthe follow ng procedures:

(a) Hrst, check the fuel lines for kinks or danage. If the
fuel lines have no danage or kinks, the spin-on fuel filter nust be repl aced.
The repl acenent of the filter wll be covered in another |esson. After the
filter has been repl aced, recheck the fuel flowfollow ng the procedures that
were previously stated.
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(b) If the fuel flowis still bel ow specification, the fuel punp
nust be replaced wth a punp that is known to be serviceable. This
repl acenent procedure wll be covered in a future lesson. After the fuel
punp has been repl aced, recheck the fuel flow If the fuel flowis still
bel ow speci fication, then your supervisor nust be notified.

(5) Ater the fuel flowtest has been perforned, unplug the el bow
and reinstall the fuel Iine back onto the return el bow at the bottomof the
right fuel tank. Tighten the line securely. Now open the shutoff val ve on
the left fuel tank.

3. CGRGAN ZATI ONAL WA NTENANCE RESPONS BILETTES FOR THE CETRA T 8\VO2TA D ESHL
ENG NE ALE. SYSTEM

a. The organizational nechanic is responsible for replacing the fuel
tanks and all the conponents of the fuel systemfromthe tanks to the
injectors, wth exception of the governor. Replacenent of the governor and
injectors is third echel on nai nt enance responsi bility.

b. The organizational nechanic is responsible for the repair of the fuel
supply punp, the throttle control cylinder, and the fuel /water separator.
The organi zational |evel nechanic is al so responsi bl e for adjusting the
shut down sol enoi d, and servicing the fuel /water separator.

4. REPA R AND (R INSPECTION CF THE AUEL SUPPLY SYSTEM GOMPONENTS EMPLOYED | N
THE CETRO T 8\VO2TA BN N HUE. SYSTEM

a. Repair The Engine Fuel Supply Punp

(1) Inspect the fuel supply punp. Check for fuel |eaking out of the
drain hole in the punp body. If the | eakage exceeds one drop per mnute, the
fuel punp nust be di sassenbl ed and the seal s repl aced.

(2) Renoval of the fuel supply punp. The procedures are as fol |l ows:
(a) Hrst, the vehicle batteries nust be di sconnect ed.
(b) Before you can renove the punp, you nust gain access to it.
This can be acconpl i shed by renovi ng the engi ne access panel s frominside the
cab. Then you nust | oosen the four hose clanps on the bypass tube. Do not
attenpt to renove the tube. You will only need to rotate the tube in order
to gai n proper access.

(c) Next, renove the front engine lifting bracket bottom bolt
and rotate the lifting bracket up.
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(d) Nowthat you are able to get to the fuel punp, the next step
istotag and renove the two fuel |ines.

(e) DO sconnect the shutdown solenoid at the bracket clip and
renove the three nounting capscrews securing the sol enoid to the nounting
bracket. Sang the sol enoid out of the way.

(f) Renove the nounting capscrews and the fuel punp assenbl y
fromthe governor housi ng.

CAUTON  The drive fork is loosely nounted on the drive shaft and nay fall
of f when you are pulling the punp away fromits nounting.

(g0 Nowthat the punp has been renoved, you can renove and
discard the gasket. A so the two fuel line el bows, coupling, and nippl e nust
be tagged and renoved.

(3 Repair the fuel supply punp. The first procedure invol ves
di sassenbl i ng the fuel punp. The procedures are as foll ows:

(a) Begin by nounting the fuel punp holding fixture into a soft-
jawed vi se and then place the fuel punp onto the holding fixture.

(b) QOnce the fuel punp is securely nounted, renove the cover
capscrews and the cover fromthe body.

(c) PRull the drive shaft fromthe punp body. The drive shaft is
the long shaft. After the shaft is renoved, visually inspect the shaft for
scoring or wear. |If the gear feels | oose on the shaft, the shaft and gear
nust be di sassenbl ed. To di sassenbl e the drive shaft the foll ow ng
procedures are used:

1 Pace the drive shaft in a press so that the square end
of the shaft is towards the press bed.

2 Now carefully press the gear down towards the square end
of the shaft. The gear nust not be pressed through the square end of the
shaft. ontinue to press the gear until the retaining ball can be renoved.

CAUTON  The retaining ball is very small and can easily be | ost.

3 After you have renoved the retaining ball, turn the drive
shaft over and press the gear off the shaft.

(d) The next step is to renove the driven gear and shaft
assenbl y fromthe punp. |Inspect this shaft for wear or scoring. A so check
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the gear for nicks, burrs, or wear. |If the shaft assenbly is found to be
unservi ceabl e, the gear and shaft nust be repl aced as an assenbly. Do not
attenpt to disassenble it.

(e) If it was determned that the seals were | eaking during the
initial inspection, then they nust be repl aced. You shoul d i nspect the seals
even if they were not leaking. To renove the seals, install the punp body
into a soft-jawed vise. Wing a hanmer and a drift pin, renove the seal s
fromthe punp body and di scard t hem

(f) The last part torenove is the relief val ve assenbly. You
shoul d al ways renove this assenbly, even if you were only repl acing the
seals. To renove the relief valve, renove the plug and gasket. Then pul |
the spring pin and val ve fromthe punp body. After they have been renoved,
i nspect the conponents for nicks, burrs, or signs of wear. These parts
shoul d be inspected very cl osel y.

(g0 A this point, you shoul d have the fuel punp conpl etely
di sassenbl ed. Ve w il nowstart to assenbl e the fuel punp. Hrst, we have
to coat the lips of the seals wth alittle grease.

(h) The placenent of the seals is very inportant. [|f the seals
are not installed properly, they will end up | eaking.

1 Frst, place the inner oil seal on the seal installer so
that the inner seal |ip faces towards the punp body.

2 Support the punp body on a coupl e of wooden bl ocks and
insert the seal installer intothe body. Drive the seal into the body until
it is seated.

3 Next, install the adapter onto the seal installer so that
the short end is anay fromthe handl e.

4 Now place the outer oil seal on the installer so that
the seal lip faces towards the installer adapter. Insert the seal into the
body and drive the seal in until the adapter nakes contact wth the punp
body.

(1) Next, clanp the punp body into a soft-jawed vise so the
relief valve port is facing up. Lubricate the relief valve wth sone cl ean
engine oil and insert it into the body so the valve's holl owend is up.

(j) MNow insert the pin and spring into the valve. Install the
plug and gasket to lock the relief valve in the punp body. Torque the plug
to the specifications that are given in your technica nanual .

[11-9



(k) If the drive gear was renoved fromthe shaft, the follow ng
procedures nust be acconplished to assenble it.

1 Pace the drive gear on the round end of the shaft. The
slot in the gear nust be towards the round end.

2 Press the gear beyond the ball notch on the shaft. H ace
the retaining ball into the notch and then press the gear back until the end
of the slot contacts the ball.

(1) Lubricate the shaft assenbly wth engine oil and install the
square end of the shaft into the punp body.

(m Lubricate the gears and shafts wth clean engine oil.

(n) Now apply a thin coat of adhesive sealant to the nating
surface of the cover. Mke sure no sealant is applied to the contact area of
the gears. Install the cover on the body, alternately tighten the capscrews
to ensure an even fit.

(o) After the punp has been assenbl ed, rotate the drive shaft by
hand. If the shaft does not rotate freely, attenpt to free it by tapping on
the corner of the punp. If the punp still sticks, you have to di sassenbl e
the punp and recheck all the parts.

(4 Installation of the fuel supply punp. The installation
procedures can be acconplished in the reverse order of renoval. ne poi nt
you shoul d reneniber when installing the fuel punp is to nake sure the drain
hol e i s facing down, towards the engine.

b. Repair Detroit 8\VO2TA Engi ne Hand Pri mng Punp

(1) Check the function of the hand primng punp.

(a) Hrst renove the hand primng punp outlet line at the
fuel /water separator. Hace the fuel line in a suitable contai ner and pl ug
the outl et el bow

(b) Next, push in the primng punp knob and turn it
countercl ockw se to release it. Push and pull the knob about three tines and
check for fuel output into the container. |If little or no fuel is punped
into the container, the hand primng punp nust be repl aced.

(c) Once you have determined the serviceability of the hand
primng punp, install the fuel Iine back on the fuel /water separator and | ock
the knob on the primng punp by pushing it in and turning it cl ockw se.
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(2) Renoval of the hand primng punp. Wse the follow ng procedures
to renove the hand prining punp.

(a) Hrst, loosen the handl e | ocknut. Then place a drain pan
bel ow the handl e assenbly and pull the handle fromthe barrel.

(b) Next, renove the outside barrel |ocking nut, push the barrel
through and away fromthe nounting bracket.

(c) The last stepis totag and renove the fuel lines and el bows
fromthe barrel. A so, renove the washer and the inside | ocki ng nut.

(3) Installation of the hand primng punp. The installation of the
hand primng punp is acconplished in the reverse order of renoval. After
the hand punp is installed, you shoul d check the operation of the punp.

c. FRepair of the Fuel Tank Assenbl y

(1) Inspection of the fuel tanks.
(a) Hrst, look for any signs of |eaks or obvious danage.

(b) Wile you are | ooking for |eaks, check for any excessive
dents in the tanks. These dents wll nornally be found on top of the tanks.

(c) Thelast itens to check for are | oose nounting straps, fuel
line connections, and drain plug. A so inspect these conponents for danaged
t hr eads.

(2) Inspection of the fuel lines. Inspect the fuel Iines for cuts,
cracks, bends, and kinks. A so check the elbows and fittings for danaged
threads, signs of |eakage, and excessive wear.

(3) Inspection of the fuel tank vents. Inspect for a mssing,
darmaged, broken, or clogged vent line. A so inspect the vent el bow for
danmaged connecti ons.

d. Repair of the Shutdown Sol enoi d

(1) Test the shutdown sol enoid. Wen you test the shutdown
sol enoi d, two nal functions coul d occur. HFrst, the shutdown | ever noves but
wll not shut down the engine. Second, the shutdown sol enoid | ever will not
nove. Ve wll first cover the testing procedures for a nal function wherein
t he shutdown | ever does not nove.
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(a) Hrst, renove the engi ne access panel inside the cab. QOce
you have the panel renoved, depress the engine stop swtch and check for
novenent of the governor stop lever. You can nornal |y hear the |ever click
when it is working properly. |1f the |lever does not nove, the electrical
circuit of the shutdown sol enoi d nust be checked out.

1 Hrst check for 24 volts at the batteries. |f 24 volts
are not present, determine the cause and correct the probl em

2 If 24 volts are present at the batteries, check for 24
volts on wre 019 termnal of the shutdown sol enoid with the engi ne stop
swtch held down.

a If 24 volts are present, check for a poor connection
at the ground wre or at the wre termnals. |If the connections are good,
then repl ace the shut down sol enoi d.

b If 24 volts are not present, check for voltage at the

stop sw tch.

3 Wth the stop swtch held down, check for 24 volts on
wre 019 termnal at the stop swtch.

a If 24 volts are present, repair or replace the wre
bet ween the engi ne stop swtch and the shut down sol enoi d.

b If 24 volts are not present, check for 24 volts at
wre 096 termnal on the stop swtch. |If 24 volts are present, replace the
stop swtch. If 24 volts are not present at wre 096 termnal, then check
the circuit breaker.

4 (Check for 24 volts at wre 096 termmnal of circuit
breaker Nb. 5.

a If 24 volts are present, repair or replace wre 096
fromthe circuit breaker to the stop swtch.

b If 24 volts are not present, check for 24 volts on
wre 430 termnal of the circuit breaker. |If voltage is present at wre 430
termnal, replace the circuit breaker. If 24 volts are not present at wre
430 termnal, the nain el ectrical systemnust be checked.

(b) The second nal function to isolate is when the shut down | ever
noves but the engi ne does not shut down.
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1 Before you start the engine, depress the engi ne stop
swtch and make sure that it noves.

2 If the lever noves, start the engine and depress the stop
swtch. |f the engine stops, the shutdown solenoid is working properly. If
the engi ne does not stop runni ng, the shutdown sol enoi d nust be adj usted.

(2) Adjust the shutdown sol enoi d.

(a) If the shutdown solenoid has to be adjusted, the first step
is to loosen both | ocking nuts on the shutdown sol enoid shaft. Loosen the
| ocknut that is on the solenoid side all the way towards the sol enoi d.

(b) Then have an assistant hol d the governor stop | ever in the
no-fuel position or towards the solenoid. |f the engine had been running, it
should stop at this tine. If the engine does not stop running, notify your
super vi sor.

(c) Now push the shutdown sol enoid shaft in all the way and
hold. Tighten the locknut that is closest to the governor, until it is snug
agai nst the solenoid bracket. Tighten the other |ocknut agai nst the bracket.

(d) After naking the adj ustnent, you shoul d then check for
proper operation.

e. Repair of the Throttle Gontrol Gyl inder

(1) Inspection of the throttle control cylinder.

(a) Before you start checking the cylinder, nmake sure the air
systemis fully charged. Nowstart the vehicle and check for any | eaks
around the air lines and rear cover of the cylinder.

(b) Wiile the engine is running, check for proper operation of
the control cylinder. Pay particular attention to the |inkage and rod end
assenbly for free novenent.

(c) Now shut down the engine and inspect the dust boot for
tears or hol es.

(d) Aso, inspect the spring for damage, rust, or for being
stret ched.

(2) Renoval of the throttle control cylinder. Ve wll now renove
the throttle control cylinder by using the fol |l ow ng procedures:
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(a) Hrst, apply the parking brakes and drain the conpl ete air
system

(b) Next, clinb into the cab and renove the access panel. After
the access panel is renmoved, tag and renove the air lines at the control
cyl i nder.

(c) Put a scribe mark across the throttle | ever and the governor
shaft. This wll ensure correct alinnent during installation.

(d) Now the control cylinder is ready to be renoved fromthe
governor. Renove the nounting capscrews and lift the cylinder, throttle
| ever, and spring off the governor as an assenbly.

(e) Renove the throttle lever, spring, bracket, check val ve and
adapter fromthe throttle control cylinder.

(3 Repair of the throttle control cylinder. The follow ng
procedures wll be used to repair the throttle control cylinder:

(a) Hrst, renove the rear cover fromthe cylinder.

(b) To renove the rod end assenbly, install an Allen wench into
the piston and a wench on the flat part of the rod assenbly. The Alen
wench wll prevent the piston fromturning while you are renoving the rod
end assenbl y.

(c) Renove the rod end assenbl y and push the piston out of the
cylinder. DOscard the rod end assenbl y.

(d) After the piston has been renoved, the next stepis to
renove the spring, Ucup, wear ring, shell and Oring fromtheir conponents.

(e) The last step is to renove the dust boot and al i nenent
spacer. The dust boot nust be di scarded.

(f) Hrst, install a newshell into the cylinder, then lightly
coat the new Oring wth silicone lubricant and carefully push it into
position around the shell.

(g) Next, thoroughly coat the newwear ring and U-cup wth
silicone lubricant. Nowinstall themonto the piston. Mke sure the open
end of the U cup faces anay fromthe wear ring.

(h) After the piston has been assenbl ed, pl ace the spring on the
piston and install the assenbly into the cylinder.
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(1) Then, install the alinenent spacer onto the new dust boot so
the snall end of the spacer is facing toward the cylinder. Install the dust
boot and spacer onto the cylinder.

(j) The last steps are to install a newrod end assenbly and the
rear cover. You nust apply adhesive to the threads on the piston. The type
of adhesi ve and the torque specifications can be found in the technical
nanual .

(4 Installation of the throttle control cylinder. The procedure
for installing the throttle control cylinder can be acconpl i shed by reversing
the order of renoval. (ne inportant point to renenber when installing the
control cylinder is to nake sure the scribe narks aline on the throttle | ever
and the governor shaft.

f. Repair of the Fuel /Vdter Separator

(1) Inspection of the fuel /water separator.

(a) Begin by inspecting for any obvi ous | eaks around the fuel
bow, fuel lines, and seal ing surfaces.

(b) Next, inspect the housing and lid for dents, cracks, or
i nproper sealing of the nmating surface.

(c¢) MNow nove down to the fuel bow and check the termnal for
| ooseness or broken wres.

(d) Wiile you are at the fuel bow, check to see if thereis a
build up of contamnants at the very bottomof the bow. |If there are two
different colors of fluid, thisis agood indication that there is water in
the diesel fuel. |If either conditionis present, the fuel/water separator
nust be servi ced.

(2) Service the fuel /water separator. To service the fuel /water
separator, you nust proceed as fol |l ows:

(a) Hrst, renove the lid by turning the tee handl e
counterclockwse. This will allowthe fuel to drain qui cker when the drain
cock is opened.

(b) Next, drain the fuel fromthe fuel /water separator.

1 To drain the fuel, renove the fuel Iine fromon top of
the right fuel tank.
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2 Now attach a hose to the drain at the bottomof the
separator. Hace the other end of the hose in a container that is capabl e of
hol ding at |east two gal | ons.

3 After the drain hose is installed, turn the drain cock
and let all the fuel drain out of the fuel/water separator.

(c) Qe the bow is conpletely drained of fuel, renove the
drai n hose and cl ose the drai n cock.

(d) Now you can renove the filter fromthe top of the
separator. You nay have to turn it while you are pulling it fromthe
housi ng. DO spose of the filter. Do not reuse the filter or the drai ned
fuel .

(e) Next, renove the drain cock fromthe bow. Hace the
contai ner under the bow and pour clean diesel fuel through the separator
housing. This wll clean any | oose particles that happen to remain. |If
there is still excessive build-up of sludge in the fuel bow, the bow wll
have to be renoved.

1 To renove the bow, you first need to renove the four
screws and retai ner holding the bow and tag the two wres.

2 Next, lower the bow just enough to renove the wres.

3 Now renove the bow and gasket and cl ean the bow
thoroughly wth clean diesel fuel. A so, wpe out the separator housing if
any | arge deposits of sludge can be seen.

4 (Once the bow is cleaned, a new gasket shoul d be coated
wth clean diesel fuel and installed into the base of the separator.

5 (onnect the two wres to their termnal s and position the
bow wth the retai ner and four capscrews.

(f) Ater thoroughly cleaning the separator, the next step is to
install the drain cock back into the bow. Next, install a newfilter
elenent and fill the separator wth clean diesel fuel.

(g0 Next, install the lid and tighten it down wth the tee
handl e. Last, install the fuel line onto the right fuel tank and finish
primng the systemwth the hand primng punp.

(3) Renoval of the fuel /water separator. Before renoving the
fuel /water separator, drain the separator. Then tag and renove all the fuel
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lines and wres that are connected to the separator. A so plug all the fuel
lines to prevent fuel fromdraining.

(a) Now have an assistant hol d the separator while you renove
the nounting capscrews and nuts and |ift the separator off the bracket.

(b) Once you have the fuel /water separator renoved fromthe
bracket, renove the attaching el bows, reducers, adapters and nipples. You
shoul d tag or note the configuration of the plunbi ng before you renove it.

(4 Repair the fuel /water separator. During the servicing of the
fuel /water separator we covered nost of the steps involved in di sassenbling
the separator. Therefore, we wll not cover those again. Ve wll pick up at
the point where the fuel bow has been renoved.

(a) Ater the fuel bow is renoved, pull the heater disc up
through the top. Carefully guide the wres through the baffl e and base.

(b) Then renove the turbine, baffle, check ball, and the check
bal | gasket. DO scard the check ball gasket.

(c) Reassenbly of the fuel /water separator can be acconpli shed
by reversing the di sassenbl y and servici ng procedur es.

(5 Installation of the fuel/water separator. Wen installing the
fuel /water separator, coat all the threads of the fuel fittings and
connections wth pipe seal ant.

(a) Toinstall the fuel/water separator, you first have to
install the el bow nipples, bushings, and reducers back into their tagged
| ocat i on.

(b) Next, install the fuel/water separator into the bracket and
install the assenbly onto the vehicle.

(c) Now install all the fuel lines and wres in their tagged
| ocation. Reneniber to apply pipe sealant to all threads.

(d) The last stepisto prine the fuel systemand check for any
sign of |eaks.

g. Inspection of the Engine Bher Sarting A d

(1) Ve wll begin by inspecting the canister cylinder for |oose
nount i ng.
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(2) If you suspect the canister of being | owon charge, renove it
fromthe vehicle and weigh it. A full cylinder shoul d wei gh about thirty-
seven ounces and an enpty cylinder wei ghs about seventeen ounces.

(3) Next, check the electrical connections for | ooseness and w res
for frays, exposure, or pinched condition.

(4 Now nove to the ether line and inspect it for hol es, kinks, or
| oose connecti ons.

(5) Ater followng the ether Iine, you should end up at the
atomzer. Check the atomzer for | ooseness or danage.

h. Testing of the Hher Sart System

(1) The ether start swtchis located at the right side of the
instrunent panel. The ether start sending unit is located on the | eft rear
of the engine just above the starter notor. The sending unit wll not becone
activated until the engine cool ant tenperature is 70 degrees Fahrenheit or
| ower .

(2) To test the ether start sending unit, the ignition swtch nust
be in the QN position and the nmul ti neter conditioned to read 24 vol ts.

(a) Hrst, disconnect wre nunber 036 at the ether sol enoi d.

(b) Next, place the black lead to ground and the read | ead to
w re nunber 036, and check or 24 volts while the ether swtchis ON

(c) If 24 volts are present, condition the nultineter to read
ohns, and check for continuity between pin one of wre nunber 036 at the
ether start solenoid harness plug and wre nuniber 036 at the sending unit.

If 24 volts are not present, condition the multineter to read 24 volts and
nove the red lead to the input termnal of the ether start swtch wre nunber
036 and check for 24 volts.

(d) If 24 volts are present, replace the ether start swtch.
(e) If continuity between pin one of wre nunber 036 at the
ether start solenoid harness plug and wre nuniber 036 at the sending unit is

found, check the ether tenperature sending unit for continuity.

(f) Wth the nultineter conditioned to read ohns, the readi ng
shoul d be O ohns bel ow 70 degrees F + 10 degr ees.
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(g0 If thereading is not O ohns, replace the sending unit. If
the reading is 0 ohns, check for O ohns readi ng between the ground and ground
W re nunber 036 at the sending unit.

(h) If the reading is O ohns, replace the solenoid. If the
reading is not O ohns, repair or replace wre nunber 036.

(i) If continuity between pin one of wre nunber 036 at the
ether start solenoid harness plug and wre 036 at the sending unit is not
found, check for continuity between pin one on wre nunber 036 at the ether
start sol enoid harness plug and pin one at the plug connector fromthe nain
har ness.

(j) If continuity is found, replace wre nunber 036 fromthe
sending unit to the plug connector.

(k) If continuity is not found, replace wre nunber 036 fromthe
pl ug connector to the connector at the ether start sol enaoi d.

(3) Totest the ether start swtch, condition the multineter to read
24 vol ts.

(a) Hrst, place the black lead to ground and the red lead to
W re nunber 036 on the output termnal of the swtch.

(b) Turn the ether swtch on and check for 24 volts. If 24
volts are present, repair or replace wre nunber 036 between the swtch and
plug at the solenoid. If 24 volts are not present, check for 24 volts on the
input termnal of ether swtch wre nunber 036.

(c) Mve the red lead to wre nunber 036 at the input termnal
of the ether swtch, and check for 24 volts. |f 24 volts are present,
repl ace the swtch. |If 24 volts are not present, check for 24 volts on wre
nunber 036 at circuit breaker No. 11.

(d) Mve the red lead to wre nunber 036 at circuit breaker No.
11 and check for 24 volts. |If 24 volts are present, repair or replace wre
nuniber 036 between the swtch and circuit beaker. If 24 volts are not
present, then check for 24 volts on wre nunber 640 at the input termnal of
circuit breaker No. 11.

(e) Mve the red lead to wre nunber 640 at the input term nal
of circuit breaker No. 11. If 24 volts are present, replace the circuit
breaker. If 24 volts are not present, then check for 24 volts on wre nunber
640 at the ignition swtch.
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(f) Mve the red lead to wre nunber 640 at the ignition swtch,
and check for 24 volts. If 24 volts are present, repair or replace wre
nuniber 640 between the ignition swtch and the circuit breaker. |If 24 volts
are not present, then check for 24 volts on wre nunber 431 at the ignition
sw t ch.

(g Mve the red lead wire to nunber 431 at the ignition swtch.
If 24 volts are present, replace the ignition swtch. [f 24 volts are not
present, then check for 24 volts on wre nunber 431 on the input side of
circuit breaker No. 5.

(h) Mve the red lead to wre nunber 431 on the input side of
circuit breaker NO 5. If 24 volts are present, repair or replace wre
nuniber 431 fromthe circuit breaker No. 5to theignition swtch. |If 24
volts are not present, you nust troubl eshoot the el ectrical system Refer to
your technical nmanual for conpl ete troubl eshooting procedures.

i. Inspection of the Throttle Tread e Val ve

(1) Hrst, nake sure the air pressure in the systemis up to nornal
operating capacity. Then check for |eaks around the air |ine connections at
the treadl e val ve and al so the lines going to the throttle control cylinder.

(2) Next, inspect the throttle treadl e val ve housing for cracks or
| oose mounting capscrews and listen for leaking air.

5. DAGNCEE MALFUNCTTONS | N THE CETRO T 8VO2TA BNA NE FLHL. SYSTEM

a. eneral
(1) The transparency that you see on the screen lists the fuel
systemnal functions that are covered in the troubl eshooting section of the
™

(2) To quickly find the troubl eshooting procedure you need, use the
SynptomIndex. Synptons are |listed by conponents or systens.

(3) Each mal function synptomgiven for an individual conponent or
systemis foll oned by steps | eading to the cause of the nal function and the
actions required to correct it.

(4) Locate the nal function synptomthen thoroughly read and
carefully fol |l ow each step of the troubl eshooting procedures.

(5 Hereareafewsinple rules to followwhen troubl eshooting:
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(a) ptain as nuch information fromthe operator as possibl e
about the nal function.

(b) Never overlook the possibility that the problemnay be a
sinpl e one and nay be repairable wth a sinpl e adj ust nent .

(c) We as nany of your senses as you can to |ocate and isol ate
problens. Look at it, listentoit, snell it, and feel it.

(d) We all available test equipnent to help find and isol ate
pr obl ens.

(e) Wenever possible, isolate the systemfirst and then the
conponent causi ng the nal functi on.

(f) Renenber, there is a cause for every failed part. Wienever
possi bl e, determine the cause of the failure before assumng the nal function
is conpletely repaired.

(g0 Wse proven autonotive theories and principl es when
t roubl eshooti ng the vehicl e.

b. Ml function No. 1 (Engine wll not start or stalls)

c. Milfunction No. 2 (Engine does not start when the ether starting aid
is used in cold weat her.)

REERENCE

TM 2320- 20/ 12
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